We examined the seasonality of reproduction in captive and wild bottlenose dolphins, Tursiops truncatus. Stranding records of neonatal dolphins and observed births from a longterm field study were used to estimate peak periods of birth for wild populations, and information from captive-breeding colonies was used to assess the effects of latitude and origin of breeding females on timing of birth for dolphins in captivity. Bottlenose dolphins showed diffuse peaks and considerable flexibility in their seasonality of reproduction. There was no relationship between latitude and seasonality of reproduction or synchrony of births. However, there was a correlation between origin of population and seasonality of reproduction in both wild and captive dolphins. We suggest that adaptations to local environmental conditions have the strongest influence on seasonality of reproduction in these populations of bottlenose dolphins.
In many terrestrial mammals, synchrony and seasonality of reproduction vary with latitude. In seasonal environments at high latitudes, births occur in a well-defined peak and are timed to maximize availability of food during periods of high energy demands for mothers and offspring. At lower latitudes, peaks in reproduction are less defined, with births occurring in all seasons (Bronson, 1989) . Thus, at least in some instances, latitude and photoperiod can be used as predictors of seasonal variation in timing of births. However, variation in seasons of birth is not simply a consequence of latitude. Seasonal differences in food resources and availability of prey, condition of female, weather, and predation can be important determinants of the timing and length of seasons of birth (Melnick and Pearl, 1987; Rutberg, 1987; van Schalk and van Noordwijk, 1985) .
The synchrony of reproduction in some marine mammals is known to vary with latitude. In captive California sea lions, Zalophus califomianus, the length of the sea-son of birth is defined by photoperiod, increasing at lower latitudes (Temte and Temte, 1993) , and the timing of estrus in harbor seals, Phoca vitulina, can be altered by experimental changes in photoperiod (Bigg and Fisher, 1975) . Such intraspecific comparisons have not been conducted with dolphins or porpoises, but a general trend exists toward increased reproductive synchrony in wild odontocetes inhabiting higher latitudes (Barlow, 1984; Brodie, 1971; Read, 1990) .
We examined seasonality of reproduction in the bottlenose dolphin, Tursiops truncatus. Bottlenose dolphins are cosmopolitan in tropical to temperate oceans and exist in a wide variety of ecotypes (Leatherwood and Reeves, 1990) . Previous observations of wild populations of Tursiops from the Gulf of Mexico have reported different birthing seasons, although these populations are found at similar latitudes. For example, in the waters near Sarasota along the west coast of Florida, most births have been observed between late spring and early au-tumn (Wells et aI., 1987) , but in coastal Texas, a peak in birthing has been reported from February to May (Shane, 1977) .
Bottlenose dolphins are the most common species of cetacean held in captivity and have shown great success in reproducing in captive environments (Asper et aI., 1990; Ridgway and Benirschke, 1977) . Seasonality of reproduction in captive dolphins was described initially by McBride and Hebb (1948) for dolphins at Marineland, Florida, where a mating season lasting from February to April was reported. Birthing seasons are known to vary between breeding colonies (Asper et aI., 1992; Caldwell and Caldwell, 1972; Cornell et al., 1987) , but there has been no comprehensive study of seasonality of reproduction in captive bottlenose dolphins.
We conducted a study to determine whether seasonality and synchrony varied among wild and captive populations of bottlenose dolphins. To examine the factors affecting seasonality of reproduction in bottlenose dolphins, we obtained stranding records of neonates from wild populations, records of known dates of birth from a wild population, data on dates of birth from a survey of captive-breeding colonies, and summary data from a census database of marine mammals.
MATERIALS AND METHODS
Wild populations.-We used stranding records of neonatal bottlenose dolphins from the Indian River Lagoon, on the east coast of Florida (1978 Florida ( -1992 , n = 43), the central-west coast of Florida (1977 Florida ( -1993 both provided by D. Odell, pers. comm.) , and the Texas coastline (1981 ( , n = 18-Fernandez, 1992 to estimate the peak season of births for wild dolphins from these areas. For the purposes of this analysis, we classified neonates as individuals 100-120 cm in length of body. Mean length at birth for bottlenose dolphins from Texas has been estimated at 109.5 cm (S. Fernandez and A. Hohn, in litt.) and the range in length used in our analysis is representative of most neonates. Sixteen of 21 true neonates from Texas (defined by the presence of folded dorsal fins, curled flukes, or an attached umbilicus) measured 100-120 cm in length (Fernandez, 1992) . A potential bias exists in data for strandings of neonates due to premature births being over represented in the sample; we attempted to control for this by establishing representative criteria for size. Thus, small, premature young should have been excluded from our dataset by the use of these size criteria. There was no relationship between length of body and month of stranding for individuals of this size range; in the records from Indian River Lagoon, for example, the correlation coefficient between length of body and month of stranding was only 0.0029 (n = 43).
The monthly frequency distributions of strandings from the Indian River Lagoon, the central-west coast of Florida, and Texas, were compared with Kolmogorov-Smirnov two-sample tests (Sokal and Rohlf, 1981) . The date of stranding was not necessarily the date of birth, but we assumed that neonatal dolphins were born in the same month that they were stranded. The Kolmogorov-Smirnov test also was used to compare monthly frequencies of strandings of neonates from the west coast of Florida with observations of births to known females in the Sarasota community (n = 14). These observational data were restricted to births known to occur within a particular month, when a female was first sighted alone and then subsequently with a newborn young in the same month (Wells et al., 1987) . Estimated dates of birth were taken as midpoints between the last sighting of a female without young and the first sighting with young. In addition, we used an approximate t-test (Sokal and Rohlf, 1981) to compare the mean observed date of birth from Sarasota with the mean date of strandings of neonates from the centralwest coast of Florida.
Monthly frequencies of strandings of neonates were compared with mean monthly water temperatures taken from stations in Canova Beach on the east coast of Florida, St. Petersburg on the west coast of Florida, and Galveston, Texas (United States Department of Commerce, 1960) .
Captive populations.-Questionnaires requesting dates of birth of young, the capture location of breeding females collected from the wild, and conditions of facilities were sent to 27 captive-breeding colonies in North America and Europe, ranging in latitude from 21°30'N to 61 0 30'N. We received responses from 19 facilities describing 146 births to 79 females. The sur-vey data were supplemented by data on captive breeding from the Marine Mammal Census Database for the United States and Canada, organized by D. A. Duffield and E. D. Shell, updated through 1993. Records of births of Pacific bottlenose dolphins (T. truncatus gilli) and hybrids were excluded from the analysis. The census database included information from facilities that responded to our questionnaire and additional information from other facilities that maintain Tursiops. In total, our dataset included records of 314 births to 146 captive females from 34 breeding colonies.
The effect of latitude on seasonality of reproduction in captivity was examined by grouping females into four areas based on the latitude of their breeding colony: area 1 = 20-30°, area 2 = 30-40°, area 3 = 40-50°, area 4 = 50-60° N. To determine if the synchrony of birthing varied with latitude, we used Bartlett's test for homogeneity of variances to compare samples of dates of birth from these four areas.
To test whether wild-caught dolphins maintained the seasonality of reproduction of their capture regions, we grouped females based on their capture location: east coast of Florida, including the Banana and Indian rivers, Florida Keys, west coast of Florida, Florida Panhandle, Mississippi, and Texas. The influence of the latitude of the breeding colony and origin of the breeding females on timing of birth was tested using a two-way analysis of variance, with capture location as blocks and latitudinal areas as treatments. We also used a Kolmogorov-Smirnov two-sample test to compare the frequency distributions of births from different facilities at similar latitudes.
The reproductive histories of captive females with at least five births were examined to determine whether individual females demonstrated a consistent season of reproduction. We divided the year into three seasons, spring (JanuaryApril), summer (May-August), and autumn (September-December), and compared seasons of birth for the first five young of each female. Our small sample precluded us from dividing the year into more than three seasons. Few females from the Sarasota community had records of five or more births, so we used females with at least three births to examine the season of birthing for individual wild dolphins.
To determine whether survivorship of neonates in captive dolphins was related to season of birth, we compared the mean dates of nonviable and viable captive births for areas 1-3 with Student's t-tests (the sample from area 4 was too small to include in this comparison). We defined a non-viable birth as a young failing to survive its 1st day of life. We also examined the relationship between gender of young and timing of birth using separate one-way analysis of variance for females from each capture region to determine whether there was a difference in the mean birth date of male and female young.
The responses to our questionnaire provided information on the access of male dolphins to breeding females. For each captive birth we requested information on the access male dolphins had to a breeding female during the year preceding conception.
RESULTS
Wild populations.-Wild bottlenose dolphins from Indian River Lagoon, the central-west coast of Florida, and Texas, demonstrated distinct patterns of seasonality of reproduction. Strandings of neonates from the Indian River Lagoon were bimodal, with peaks in April and August (Fig. 1) . Strandings of neonates in the other two areas were unimodal, with peak months in March along the Texas coast and in May along the west coast of Florida (Fig. 1) . The frequency distributions of strandings of neonates were significantly different between Indian River Lagoon and Texas, and between the west coast of Florida and Texas Box plots indicate 95% confidence intervals, 25% quartiles and median birth dates.
survey data, because there has been more field effort during spring and summer months than during other times of the year (R. S. Wells, pers. comm.). There was no obvious relationship between the monthly distribution of strandings of neonates and seasonal variation in water temperature when all three areas were considered. In Texas, for example, most strandings occurred in late winter and early spring, one of the coldest periods of the year, whereas on the west coast of Florida the majority occurred during the warmest months of spring and summer (Fig. 1) .
Captive populations.-Synchrony of birth in captivity did not vary with latitude. The variances of birth dates for females maintained in areas 1-4 were not significantly different (P > 0.05), nor was there evidence of an extended birthing season at lower latitudes and an increase in synchrony at higher latitudes among the captive- breeding facilities. The two northernmost facilities, located at similar latitudes in area 4, showed significantly different frequency distributions of births (P < 0.05).
We were unable to examine the effect of photoperiod on timing of birth because of the confounding influence of artificial lighting in some indoor facilities at higher latitudes.
The origin of wild-caught, captive females was significantly correlated with timing of birth (P < 0.001; Fig. 2 ), although the latitude of their breeding colony was not (P = 0.26; Fig. 3 ). Captive females from the Florida Panhandle, Mississippi, and Texas, gave birth primarily in spring, whereas births to females from the east and west coasts of Florida and the Florida Keys occurred mostly during summer (Fig. 2) . In captivity, female dolphins tended to give birth slightly later than wild females from the same capture region; the timing of captive births was also more diffuse (e.g., compare standard deviations in Table 1 ).
Eleven females gave birth five or more times in captivity. Four of these individuals gave birth in all three seasons, five gave birth in two seasons, and two gave birth in only one season. The maximum number of young born to any female was nine over a 20-year period; these births occurred in six different months over all three seasons. There were only three females in the Sarasota community with three or more births for which the season of birth could be identified. Two females gave birth in two sea- sons and one female gave birth in only one season. Non-viable births in captivity did not occur earlier or later than viable births. There was no significant difference in the mean dates of viable and non-viable births (P > 0.05) in breeding colonies located in areas I, 2, or 3.
There were no significant differences between mean dates of birth of ma1e and female young born to females from the five capture regions (P > 0.05). In most instances, mean dates of birth of ma1e and fema1e young were almost identical (Table   2 ).
We received 83 responses describing the accessibility of males to breeding females. In 66 births, ma1es had continuous access to a fema1e, whereas, in 17 births they only had periodic or occasional access to the female.
DISCUSSION
The wild bottlenose dolphins from our study areas exhibited seasonal patterns of reproduction that are intermediate between the highly synchronized births of high-latitude species and the extended birthing sea- sons of tropica1 odontocetes. Temperate species of odontocetes such as the harbor porpoise, Phocoena phocoena, exhibit considerable synchrony in their births, with most occurring over a period of a few weeks in spring (Read, 1990) . Spotted and spinner dolphins of the eastern tropical Pacific (Stenella) give birth throughout the year, with only weak modes in the distribution of birthing (Barlow, 1984) . As in many other aspects of their biology, bottlenose dolphins are flexible in their timing of reproduction and, although births are diffusely seasona1, individua1 fema1es are capable of giving birth throughout the year. However, our results also demonstrate that wild populations of bottlenose dolphins, even at similar latitudes, can show different patterns of seasonality of reproduction. Latitude, and thus photoperiod, does not appear to act as an ultimate determinant of phenology of reproduction in this species, a1though it may influence adaptation of the timing of birth to local environmental conditions. In addition, there was no direct relationship between water temperature and the frequency distributions of births, suggesting that water temperature alone cannot be used to predict seasons of birth in these populations.
Water temperature may not be directly related to the timing of birth, but it could influence changes in availability of prey, which, in tum, affects the timing of birth (Boyd, 1991) . Bottlenose dolphins in different habitats in the southeastern United States feed on different prey (Barros and Odell, 1990) , and the seasonal patterns of availability of prey may also vary from area to area. These seasonal changes in distribution of prey could affect patterns of condition of females and, thus, the selective pressures on timing of birth. Nutritive requirements of mothers are known to be greatest during late gestation and early lactation, so the timing of birth should maximize the opportunity of the female to exploit optimal levels of resources during this period (Gaillard et aI., 1993; Rutberg, 1987) . We hypothesize that the different seasons of birth of populations of bottlenose dolphins are responses to seasonal patterns of availability of local resources.
Other factors may also influence the timing of birth. For example, the condition of a breeding female depends in part on her immediate history of reproduction (van Schalk and van Noordwijk, 1985) . A female dolphin that loses a young early in lactation may cycle out of phase with other females, leading to greater variation in the distribution of births. In some ungulates, synchrony of birth also is believed to be an anti-predator adaptation (Estes, 1976) . A variety of large coastal sharks are known to prey on bottlenose dolphins and particularly on neonatal animals (Wells et aI., 1987) . Little is known about the seasonal movements of these sharks, however, and the impact that these predators may have on the timing of birth in dolphins is unknown.
We used data on stranding of neonates to represent births from wild populations because of the dearth of observations of parturition of wild bottlenose dolphins. There have been few studies of seasonality of reproduction in the wild, and most reported accounts have been limited to anecdotal observations. In most field studies of wild populations, observations are not continuous throughout the year and, therefore, do not provide a representative distribution of birth dates (Caughley and Caughley, 1974) . Future field studies of bottlenose dolphins should include observations throughout the year, with particular attention paid to the presence of neonates. We have recently begun year-round observations in Sarasota and hope to generate more precise estimates of timing of birth for this community of dolphins.
In captivity, the origin of females collected from the wild was a more important determinant of seasonality than the latitude of the captive-breeding colony. This underscores findings from the wild where populations at similar latitudes showed different seasons of birth. Fletcher (1974) found similar results in a study of captive red deer, Cervus elaphus, from zoos located throughout the Northern Hemisphere; he found no trend toward earlier birthing at higher latitudes nor an increase in the length of the birthing season at lower latitudes. Captive populations of deer at similar latitudes also showed significant differences in time of conception, similar to our findings with bottlenose dolphins. These results are different from those reported from studies of other marine mammals such as California sea lions, where there is a highly significant relationship between latitude and photoperiod and for which the timing of birth can be predicted by photoperiod alone (Temte and Temte, 1993) .
Captive females showed a degree of seasonality that was similar to their population of origin, despite long periods in captivity. This correlation is even more striking because husbandry practices and schedules of movements in aquaria undoubtedly influenced the timing of birth in captivity and added to the variance associated with mean dates of birth. In addition, many of the factors that are responsible for seasonality of birth in the wild are absent in the captive environment. Captive dolphins receive a stable food base, are not exposed to predators, and in many instances are maintained in stable water temperatures. Female dolphins may not have continuous access to sexually mature males, which may also contribute to the variation in seasons of birthing by captive females. Bottlenose dolphins are spontaneous ovulators and may cycle repeatedly in one season (Schroeder, 1990) . Females do not appear to be constrained by their reproductive cycle, as demonstrated by their ability to give birth in every month of the year. Sexual behavior in bottlenose dolphins has important social, as well as reproductive, functions in dolphins (Shane et aI., 1986) . Therefore, observations of sexual activity do not necessarily reflect actual breeding events.
In summary, although the timing of birth in bottlenose dolphins varies greatly within the species, local populations show distinct seasons of birth, even at similar latitudes. Environmental indicators such as water temperature and photoperiod alone do not predict seasonality of reproduction. It is likely that many interacting factors influence the timing of birth in this pliant species. Although captive dolphins show greater variation in their timing of reproduction than their wild counterparts, they maintain a significant degree of the seasonality of their popUlation of origin.
